The effect of exercise training on brown adipose tissue (BAT) thermogenesis was studied by measuring cytochrome oxidase activity, as a marker of mitochondrial abundance, mitochondrial guanosine-5'-diphosphate (GDP) binding, as an indicator of thermogenic activity and oxygen consumption in BAT in ovariectomized (OVX) obese rats and sham-operated rats. Six-week exercise training significantly suppressed body weight gain in OVX rats to the level of sendentary control rats, although food intake in exercise trained OVX rats increased more than in the sedentary OVX rats.
Abstract
The effect of exercise training on brown adipose tissue (BAT) thermogenesis was studied by measuring cytochrome oxidase activity, as a marker of mitochondrial abundance, mitochondrial guanosine-5'-diphosphate (GDP) binding, as an indicator of thermogenic activity and oxygen consumption in BAT in ovariectomized (OVX) obese rats and sham-operated rats. Six-week exercise training significantly suppressed body weight gain in OVX rats to the level of sendentary control rats, although food intake in exercise trained OVX rats increased more than in the sedentary OVX rats.
Exercise training increased cytochrome oxidase activity, mitochondrial GDP binding and oxygen consumption in BAT in OVX rats, which were reduced in a sedentary condition, as well as in the control rats. These results suggest that exercise training potentiates BAT thermogenesis, which may contribute to the reduction of body weight in OVX obese rats.
It is now recognized that brown adipose tissue (BAT) is a common effector of body temperature and energy balance in rodents (Trayhurn, 1986) , and that a defect in or the absence of BAT thermogenesis would predispose to obesity (Rothwell and Stock, 1979; Himms-Hagen, 1985) . Exercise training is known to retard body weight gain by decreasing fat deposition. This response has been attributed to the increased energy expenditure of exercise training per se. To date, however, data on the effect of exercise training on BAT thermogenesis is less substantial and is controversial.
Some reports (Hirata et al., 1981 Hirata, 1982 showed that exercise training increased norepinephrine-induced blood flow to BAT, whereas others (LeBlane et al., 1982; Wickler et al., 1987; Richard et al., 1986 Richard et al., , 1987 Discussion Brown adipose tissue is now recognized as being a main effector of cold-induced thermogenesis (Foster and Frydman, 1979) and diet-induced thermogenesis (Rothwell and Stock, 1979) . A defect in or the absence of BAT thermogenesis would predispose to obesity (Rothwell and Stock, 1986; Himms-Hagen, 1985; Yoshida et al., 1984a Yoshida et al., , 1987a Yoshida et al., , 1987b Yoshioka et al., 1988 ) and a stimulation of BAT function would result in a reduction in body weight (Yoshida et al., 1983 Arch et al., 1984) . The OVX rats in a sedentary condition had reduced BAT thermogenesis, as evidenced by They used Wistar rats, while we used Sprague-Dawley rats. In their studies, the level of GDP binding in OVX rats did not decrease more than in the control rats, whereas it decreased significantly in our study. Moreover, the level of GDP binding both in the control and OVX rats in the sendentary condition of their experiments is one and a half times to twice as high as that in our experiments, in which it was approximately at the level of those in the cold-exposed rats in our previous study . Because the average environmental temperature is lower in Canada than in Japan, a low environmental temperature might influence (Himms-Hagen, 1986 ) the levels of GDP binding in their rats in a sedentary condition, which could account for the discrepancy between their study and ours.
Exercise is known to increase SNS activity (LeBlanc et al., 1964; Ostman-Smith, 1979 ) and the plasm catecholamine concentration. The increase in plasma epinephrine is thought to be derived from the adrenal medulla (Galbo et al., 1986) and that in norepinephrine (NE) from leakage of neurotransmitters from noradrenergic fibers (Goldstein et al., 1983; Keller et al., 1984) or from muscle vascular beds (Petronnet et al., 1988) . BAT thermogenesis is regulated primarily by the SNS (Landsberg and Young, 1984) and NE stimulates BAT thermogenesis. Therefore, the activation of BAT thermogenesis by exercise training in OVX rats, which have reduced SNS activity in BAT (Yoshida et al., 1987) , might result from the stimulation of SNS activity or from the direct action of circulating catecholamines derived from the adrenal medulla. Further examination is required to evaluate the mechanism of exercise on BAT thermogenesis, by measuring NE turnover in BAT, which is a reliable indicator of SNS activity (Young and Landsberg, 1977; Yoshida and Bray, 1984b) , or by investigating BAT thermogenesis in adrenalectomized animals.
In conclusion, exercise training potentiated reduced BAT thermogenesis in OVX obese rats, which might contribute to the retardation of body weight gain.
